143 


THE EARLY PLIOCENE POLLEN FLORA OF THE LOWER 
ERHCHIU FORMATION, SANHSIA, 

NORTHERN TAIWAN 05 

Li-Chiou Li 1 ( 2) and Tseng-Chieng Huang (3) 


(Manuscript received 15 September, 1989 and revised version accepted April 4, 1990) 


Abstract: In order to elucidate the palaeoecology of the lower Erhchiu 
Formation, the early Pliocene, Sanhsia, northern Taiwan, an effort has 
been made to analyse the pollen fossil assemblage and reconstruct the 
depositional environment of that area. 

In this pollen analysis, 65.7 per cent angiosperms pollen, 17.2 per cent 
gymnosperms pollen, 17.1 per cent bryophytous and pteridophytic spores 
were obtained. 

In this pollen assemblage, four new genera, eight new species and 
five new records have been found. In the eight new species, except the 
Retitricolpitrites taiwanensis and Malvacearumpollis majus which can not be 
confirmed, the six new species are herbaceous angiosperm pollen. 

INTRODUCTION 

The paleopalynology study of the Pliocene in Taiwan is very limited. There 
are only four papers published (Huang & Tsou, 1984; Huang & Huang, 1984; Shaw, 
1984, 1985) and the further investigation is highly required. Therefore, the lower 
Erhchiu Formation of the early Pliocene, Sanhsia, northern Taiwan has been 
chosen to analyse the pollen fossil assemblage and reconstruct the depositional 
environment of that area. 

MATERIAL AND METHODS 


(1) Material 

Along the road from Sanhsia to Tachi, 47 samples were collected from the 
roadside outcrop of the lower Erhchiu Formation, c. a. 250 meters long, between 
Sanyuantantze and Youfu Elementary School. 

Approximately 500 g of fresh rock per sample was taken and put into labeled 
bags. The outcrop mainly consists of interbedded shaly-sandstone and sandstone. 

(2) Method 

The preparation procedure for palynological slides varies depending on the 
nature of the rock. Referring to the methods of Brown (1967), Chung & Huang 
(1972), Traverse (1988), the following treatment (Fig. 1) is used in this analysis. 

(1) This is a part of MS-thesis for the first author under the guidence of the second author. 

(2) Graduate student. Research Institute of Botany, National Taiwan University, Taipei, 
Taiwan 10786, Republic of China. 

(3) Professor, Department of Botany, National Taiwan University, Taipei, Taiwan, 10764, 
Republic of China. 
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Rock sample 


i 


L Initial process 



A. Cleaning 

B. Weighing 

C. Disaggregation 


i 


II. Demineralization, maceration 



A. Removal of silicates: by 47% HF 

B. Removal of calcite and silica oxide: by 10% HC1 

C. Removal of humic acids: by 10% KOH 100°C. 


i 


III. Heavy liquid float/sink technique 



Removal of remainining inorganics: use zinc 
chloride at sp. gr. of about 1.8-2.0 


i 


IV. Final process 



A. Final cleaning: by 10% sulfuric acid 

B. Preservation: by 50% glycerin 


i 


Slide preparation 


Fig. 1. Palynological slides preparation process. 


Prepared slides were studied and photographed with a Nikon Optiphot-type 
microscope providing magnification up to X1000. The spore photographs were all 
magnified to X1000. 

Identification was done by consulting with references of Huang, C. L. & Huang, 
T.C., 1984; Huang, T.C., 1972, 1978a, 1978b, 1979, 1980, 1981; Jansonius & Hills, 1976; 
Song et al. y 1985; Nakamura, 1980. 

The description follows the Huang's treatment (1972) which is widely known, 
is not accepted universally. 


RESULT 


(1) Taxonomy of Palynomorphs 

47 samples were counted, and 16,362 pollen grains and spores were identified. 
The percentage of the identified bryophytous and pteridophytic spores was 17.1%, 
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includins 29 genera, 52 species and one variety, 2,805 spores recorded; gymno- 
spermous pollen grains 17.2%, including 12 genera and 26 species, 2,811 pollen 
grains recorded and angiospermous pollen grains 65.7%, including 54 genera, 73 
species and one variety, 10,746 pollen grains recorded (Plates 1-21). 

Four new genera, eight new species and five new records of angiospermous 
pollen grains were found and are described as follow: 

1. Hypoestespollenites gen. nov. $57136#)® 

Type species: Hypoestespollenites taiwanensis Li & Huang 
Diagnosis: "Heterocolpate pollen, with negatively reticulate sexine.” 

( 1) Hypoestespollenites taiwanensis sp. nov. 

"Grains heterocolpate, prolate, 47 x 25//; sexine: surface view negatively re¬ 
ticulate, lumina regularly rectangular; sectional view (muri) verrucate.” 
Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 26-4R (PI. 14: 1-2) 

Taxonomic affinity: This species is similar to the extant Hypoestes cumingiana 
Benth. & Hook, of the Acanthaceae (Huang 1972, PL 4: 15-18). 

2. Evolvuluspollenites gen. nov. ±T&#)® 

Type species: Evolvuluspollenites taiwanensis Li & Huang 

Diagnosis: "Pantocolpate pollen, with short colpi and granulate sexine.” 

(2) Evolvuluspollenites taiwanensis sp. nov. 

"Grains pantocolpate, spheroidal to polygonal, 20// wide; colpi short, 7-8// long; 

sexine: surface view granulate; sectional view psilate to scabrate.” 
Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 21-3R (PI. 15: 14) 

Taxonomic affinity: this species is similar to the extant Evolvulus alsinoides L. 
of the Convolvulaceae (Huang 1072, PI. 50: 1-4). 

3. Galiumpollenites gen. nov. $£5&5fc#)® 

Type species: Galiumpollenites taiwanensis Li & Huang 

Diagnosis: "4-coIpate pollen, with narrow colpi and finely reticulate sexine.” 

( 3 ) Galiumpollenites taiwanensis sp. nov. 

"Grains 4-colpate, oblate to spheroidal, 18x19//; sexine: surface view finely 
reticulate; sectional view psilate.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 57-1R (PI. 20: 11) 

Taxonomic affinity: This species is similar to the species of Galium of the 
Rubiaceae (Huang 1972, PI. 132: 8-15). 

4. Portulacapollenites gen. nov. 

Type species: Portulacapollenites taiwanensis Li & Huang 
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Diagnosis: Pantocolpate (pericolpate) pollen; sexine granulate. 

( 4 ) Portulacapollenites taiwanensis sp. nov. 

"Grains pantocolpate (5-colpate), 38x33//; sexine: surface view granulate; sec¬ 
tional view subpsilate-scabrate.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 57-2R (PI. 20: 12). 

Taxonomic affinity: This species is similar to the extant Portulaca pilosa L. of 
the Portulacaceae (Huang 1972, PI. 122 : 21-23) 

5. Impatiensidites Sah 1967 

Type species: Impatiensidites brevicolpus Sah 1967; Mus. Roy. Afrique Gentr., 
Tervuren; Ann., ser. in 8, Sci., geol., no. 57, p. 68, pi. 6, fig. 27. 

Diagnosis: "Pollen grains 4-colpate, medium-sized; amb rectangular, sometimes 
rounded, angulaperturate; colpi usually very short; sexine finely reticulate in 
surface view.” 

( 5 ) Impatiensidites taiwanensis sp. nov. 

"Grains 4-colpate; colpi 4// long; amb rectangular; 35-33x23-26//; sexine: surface 
view reticulate; sectional view scabrate.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 2-2R, S15-3R (PI. 14: 10-11) 

Taxonomic affinity: This species is similar to species of Impatiens of the 
Balsaminaceae (Huang 1972, PI. 21: 5-17). 

6. Rousea Srivastava 1969 

Type species: Rousea subtilis Srivastava 1969; J. Sen Memorial Vol., p. 53, pi. 1, 
fig. 7. 

Diagnosis: "Grains tricolpate, angulaperturate; colpi long, reaching polar area; 
amb subtriangular or rounded, sides convex; sexine thick, reticulate, lumina 
larger in mesocolpia becoming smaller at colpi margins and apocolpia.” 

Note: Differs from Tricolpites in having reticulation wider than 1// in mesocolpia 
but finer at apocolpia and near margins of colpi; forms with uniform reti¬ 
culations should not be assigned to Rousea. 

( 6 ) Rousea taiwaniana sp. nov. 

"Grains tricolpate, colpi 30// long; amb subtriangular-circular, 61-62// wide; 
sexine: surface view lopho-reticulate, muri 2.5// high, but rugulate near 
polar area; sectional view clavate.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 39-2L, 6-3R (PI. 15: 16-17). 

Taxonomic affinity: This species is similar to the species of Thladiantha of 
the Cucurbitaceae (Huang 1972, PI. 58: 5-14). 
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7. Retitricolpites taiwanensis sp. nov. 

Type species: Retitricolpites ornatus (Van der Hammer) Pierce, 1961; Minnesota 
Geol. Surv., Bull. 42, p. 50, 24. 

Diagnosis: "Grains tricolpate, with reticulate sexine.” 

( 7 ) Retitricolpites taiwanensis sp. nov. 

"Grains 3-colpate, subprolate, 24-28X15-20//; sexine: surface view reticulate; 
sectional view scabrate.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 6-5R, 17-2L, 54-1R (PL 17: 1-5). 

Taxonomic affinity: unknown. 

8. Malvacearumpollis Nagy 1962 

Type species: Malvacearumpollis bakonyensis Nagy 1962; Acta Bot. Acad. Sci. Hung., 
Vol. 8, p. 159, pi. 5, fig. 13-14. 

Diagnosis: "Large globular grains, the surface psilate and covered with spines in 
fairly regular, 8-14// large intervals, the spines are conical, tapering to acu¬ 
minate tips, 6-12// long, rising on a bulging base." 

( 8 ) Malvacearumpollis majus sp. nov. 

"Grains pantoporate, 135// wide; exine 5-8/* thick, with conical processes, the 
spines prominently dilated at bashl part, 15// long.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 43-2R (PI. 19: 1). 

Taxonomic affinity: This species is similar to species of Hibiscus of Malvaceae 
(Huang 1972, PL 103: 8-9, PI. 104: 1-4). 

9. Cichoreacidites Sah 1967 

Type species: Cichoreacidites spinosus Sah 1967, Mus. Roy. Afrique Centre., Tervuren; 

Ann. in 8°, sci. geol., no. 57, p. 95, pi. 8, fig. 29. 

Diagnosis: "Pollen grains fenestrate, usually with composite apertures; occasion¬ 
ally 3-zonaperturate, having ± lalongate ora; apertures situated in between 
lacuna; depressions and flanked by high bridges which form a polygonal 
pattern; amb subspheroidal to oblate-spheroidal: grains lophate, echinate, 
spines on the ridges, dupli-retipilariate, pila compactly arranged, usually 
forming a reticuloid pattern in surface view.” 

(9) Cichoreacidites gracilis (Nagy) Zheng ex Song Z. C. et al. 1985; A Research on 

Cenozoic Palynology of the Longjing Structural Area in the Shelf Basin of 
the East China Sea (Donghai) Region. Anhui Sci. Tech. Publ., p. 103 

"Grains fenestrate (3-colporate), spheroidal to polygonal, 28-32// wide; exine 
echinolophate, exhibiting hexagonal arrangement of cristae (reticulations 
hexagonal), large reticulations composed of 12-14 small reticulations; muri 
with echini, echini 2.5-4// long.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 
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Slide: 86-1R, 87-2R (PI. 15: 12-13). 

Taxonomic affinity: This species is similar to species of Ixeris and Lactuca of 
the compositae (Huang 1972, PI. 40: 1-19, PI. 41: 1-4). 

10. Slowakipollis (Pad.) Krtz. 1962 

Type species: Slowakipollis cechovici (Pad.) Krtz. 1962 Geologie, Jahrg. 11, no. 3, 
p. 273. 

Diagnosis: "Grains tricolporate (amb more or less triangular); polar axis and 
equatorial diameter approx, equal in length; wall multiple layered, smooth or 
with weak structure; pole not or only slightly prominent.” 

Note: Morphologically closest in Pentapollis which differs in structure of wall and 
pores, in the length of the colpi and in other characters. Recent pollen of 
similar morphology are found in the Elaeagnaceae. 

(10) Slowakipollis cechovici (Pad.), ibid. 

"Grains tricolporate; amb more or less triangular with convex sides, 27-30 n 
wide; aperture vestibulum type, sexine smooth or finely reticulate.” 
Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 26-1R (PI. 17: 10-11). 

Taxonomic affinity: This species is similar to the species of Elaeagnaceae 
(Huang 1972, PI. 61: 7-16) 

11. Euphorbiacidites (Zaklinskaya) Li, Sung & Li, 1978 

Type species: Euphorbiacidites wallensensis (Pflug) Li, Sung & Li 1978, Bull. Nanjing 
Institutue Geol. Palaeontol., Acad. Sin., No. 3. 

Diagnosis: "Grains 3-colporate; pores lage and round; colpi reaching to the pole; 
prolate; sexine: surface view regularly reticulate; sectional view scabrate.” 

(11) Euphorbiacidites formosus Zheng 1985 ex Song Z. C. et al. A Research Cenozoic 
Palynology of the Longjing Structural Area in the Shelf Basin of the East 
China Sea (Songhai) Region. Anhui Sci Tech. Publ., P. 109-110. 

"Grains 3-colporate; prolate, 24-34x15-25 /i; colpi reaching to the pole; ora 
circular, medium-sized; sexine: surface view regularly reticulate; sectional 
view (muri) scabrate.” 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 2-2R (PI. 16: 2-4). 

Taxonomic affinity: This species is similar to the extant Euphorbia tashiroi 
Hayata of the Euphorbiaceae (Huang 1972, PI. 67: 10-14). 

12. Tricolporopollenites Pflug & Thomson, 1953 

(12) Tricolporopollenites rosaeformis Zheng ex Song Z. C. et al. 1985; 

A Research on Cenozoic Palynology of Longjing Structural Area in the Shelf 
Basin of the East China Sea (Donghai) Region. Anhui Sci. Tech. Publ., p. 159. 

"Grains 3-colporoidate; prolate to perprolate, 20-30x17-20 p; colpi reaching to 
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the pole, sexine: surface view granulate to finely reticulate; sectional view 
scabrate.” 

Note: Differs from other Tricolporopollenites species with colporoidate furrows 
and arrangement of the granules (with some direction). 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 2-1R, 21-5R, 2-4R, 26-1R (PL 16: 5-10). 

Taxonomic affinity: This species is similar to the species of Euphorbiaceae 
(Huang 1972, PI. 64: 22-34). 

13. Graminidites Cookson 1947 ex Potonie 1960 

Type species: Graminidites media Cookson 1947 ex Potonie 1960 
1947 B. A. N. Z. A. R. E., Reps, ser. A, v. 2, pt. 8, p. 134. 

1960 Synopsis III, p. III. 

Diagnosis: "More or less spherical spores with one pore which is surrounded by 
an annulus; exine thin, finely granulate." 

Note:. Larger than Spar ganiaceaepollenites , and with thinner and less sculpture 
exine, hence with more secondary folds. 

(13) Graminidites media Cookson 1947 ex Potonie 1960; ibid. 

"Grains much flattened, approximately circular in outline, with a diameter of 
29-45// wide (holotype 42// wide) with one pore which is surrounded by 
an annulus; sexine finely granulate." 

Locality: Erhchiu, Sanhsia in the Erhchiu Formation. 

Slide: 2-4L (PI. 21: 11). 

Taxonomic affinity: This species is similar to species of the Gramineae (Huang 
1972, pi. 171: 10-22). 

(2) Checklist 

I. Alete 

1. Corrusparis Krutzch 1967 

Corrnsporis taiwanensis Huang & Huang (PI. 1: 1-2) 

II. Monolete 

2. Echinosporis Krutzsch 1967 
E. taiwanensis Huang 

3. Gemmamonoletes Pierce 1961 

G. formosensis Huang (PI. 1: 4) 

G. oblongodunatus Huang (PI. 1: 5) 

4. Gemmatosporis Krutzsch 1959 

G. lato-apertus Huang (PI. 1: 6) 

G. taiwanensis Huang (PI. 1: 7) 

5. Laevigatosporites Ibrahim 1933 

L. gracilis Wilson & Webster (PI. 1: 8-9) 

L. reniformis Huang (PI. 1: 10) 

L. sexangnlariformis Huang 
L. taiwanensis Huang •§Ei@} z p!‘&UgJ?6 
L. tenui-lunatus Huang 
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6. Perinomonoletes Krutzsch 1967 

P. lato-reticulatus Huang E(PI. 2: 2) 

7. Schizaeosporites Potonie 1951 ex Delcourt & Sprument 1935 
S. taiivanensis Huang 

8. Verrucatosporites Pflug & Thomson 1953 
V. balticoides Huang 

V. balticoides Huang var. minor Huang 
V. lunatus Huang ^ (PI. 2: 3) 

V. reniformis Huang 

III. Triletes =S«£J6IH 

9. Anthocerisporis Krutzsch 1963 fiiMivlM 
A. formosensis Huang & Huang 

A. taiwanensis Huang & Huang (PI. 1: 3) 

10. Cicatricosisporites Potonie & Gelletich 1933 
C. australiensis (Cookson) Potonie 

C. taiwanensis Huang 

11. Cingulatisporites Thomson in Thomson & Pflug 1953 
C. taiwanensis Huang 

12. Convolutispora Holfmeister, Staplin & Malloy 1955 

Convolutispora taiwaniana Huang litDi E 

13. Crassoretriletes Germeraad, Hopping & Muller 1968 /5IIE3£1 sHeJ® 

C. vanraadshooveni G. H. M. (PI. 2: 7) 

14. Foveotriletes Potonie 1956 -fLiKHXSlQ® 

F. serratus Huang 5«tfLREX8?6 (PI. 3: 1) 

15. Leiotriletes Naumova 1939 ex Ishchenlo 1952 
L. ellipitus Huang 

L. obovatus Huang (PI. 3: 5) 

L. sphaerotriangulus (L.) Potonie & Kremp 0|S^fl^ z p! 1 tffiESi7S 
L. taiwanensis Huang 

L. ivolffi Krutzsch (PI. 3: 2-4) 

16. Magnastriatites Germeraad, Hopping & Muller 1968 

M. grandiosus Duenas 

M. howardii G. H. M. (PI. 3: 7) 

17. Microreticulatisporites Knox 1950 d'fflStESiTfi® 

M. taiwanensis Huang & Huang ia£i£H N $l$(E§UTel (PI. 3: 8-9) 

18. Osmundacites Couper 1953 

O. taiwanensis Huang 

19. Polypodiaceoisporites Potonie 1951 

P. baculatus Huang fa (PI. 4: 1) 

P. emarginatus Huang |H](PI. 4: 2-3) 

P. intrabalticus Huang (PI. 4: 4-6) 

P. venustus Huang IKu£A®Igj£l (PI. 4: 8-9) 

P. wallichianus Huang EKMIi$:T& (PI. 4: 7) 

20. Pterisporis Huang 1978 liirdlRI 

P. concavus Huang & Huang (PI. 4: 10-11) 

P. taiwanensis Huang (PI. 4: 12) 

21. Retitriletes Pierce 1961 

R. taiwanensis Huang 2JtJKMKSH9U 
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Saxosporis Krutzsch 1963 

S. taiwanensis Huang & Huang 
Semiretisporis Reinhardt 1962 

S. taiwanensis Huang & Huang (PI. 5: 1) 

Sphaerina Maljavkina 1949 ex Delcourt & Sprumont 1959 

S. taiwanensis Huang & Huang 
Toricingulatisporites Simonesies 1964 

T. taiwanensis Huang Jgjfiff(PI- 5: 2) 

Toroisporis Krutzsch 1959 

T. taiwanensis Huang (PI. 5: 3-4) 

Triplanosporites Pflug in Thomson & Pflug 
T. magnus Shaw & Huang 

T. medius Shaw & Huang (PI. 2: 5) 

T. minor Shaw & Huang (PI. 2: 4) 

IV. Incertae 5tc55H6ifti? 

28. Monogemmites Krutzsch 1970 

M. formosensis Huang & Huang 

M taiwanensis Huang & Huang Xfg$S)HJ£. P (PI. 2: 1) 

29. Schizosporis Cookson & Dettmann 1959 

S. taiwanensis Huang (PI. 13: 1) 

V. Gymnospermous pollen grains 

1. Cycadopites Wodehouse 1933 ( Cycas or Ginkgo) 

C. ellipticus Huang mmi»9Mkto (PI. 5: 5-6) 

C. gracilis Krutzsch (PI. 5: 7-8) 

2. Psophosphaera Naumova 1939 ex Ishchenlo 1952 

Psophosphaera chuchuangkeniana Chaw & Huang (PI. 7: 2) 

3. Classopollis Pflug 1953 

C. taiwanensis Huang (PI- 5: 9-11) 

4. Abiespollenites Thiergart in Raatzz (1937) 1938 {Abies) 

A. formosensis Huang (PI. 8: 2) 

A. oblongus Huang $«{}§&#*& (PI. 7: 5, PI. 8: 1) 

5. Keteleeriaepollenites Huang 1979 ( Keteleeria ) 

K. tainwanensis Huang (PI. 9: 1-2) 

6. Longicorpuspollenites Huang 1979 

L . taiwanensis Huang (PI. 7: 1) 

7. Piceapollis Krutzsch 1971 ( Picea ) 

P. acutosaccatus Huang (PI. 10: 1-2) 

8. Pityosporties Seward 1914 (Pinus) 

P. acutus Huang |j£8§#*& (PI. 11: 1-2) 

P. massoniana Huang JUSt&Jifr (PI. 11: 3-4) 

P. morrisonicola Huang fELUf&lfr (PI. 11: 5-6) 

P. oblongus Huang (PI. 11: 7-8) 

P . scabratus Huang (PI. 12: 1-2) 

P. triangulatus Huang (PI. 12: 3-4) 

9. Zonalapollenites Pflug in Thomoson & Pflug 1953 ( Tsuga) 

Z. chinensis Huang (PI. 13: 2) 

Z. taiwanensis Huang (PI. 13: 3) 
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10. Dacrydiumites Cookson 1955 ex Harris 1965 ( Podocarpus ) 

D. magnus Huang & Huang (PI. 6: 4-5) 

D. taiwanensis Huang (PI. 6: 1-3) 

11. Podocarpidites Cookson ex Couper 1953 ( Podocarpus ) 

P. beugii Huang (PI. 6: 6-7) 

P. conjunctus Huang & Huang 
P. taiwanensis Huang (PI. 6: 8-9) 

12. Ephedripites Seward 1914 JUSiKcfiiHS) ( Ephedrus) 

E. ellipticus Huang $n!HIJ|i£-j)?i& (PI. 5: 12-13) 

E. multus Huang & Huang 

E. tertiarius Krutzsch (PI. 5: 15-16) 

E. taiwanensis Huang (PI. 5: 14) 

VI. Angiospermous pollen grains 

1. Aceripollis Huang 1980 (Aceraceae) 

A. taiwanensis Huang (PI. 14: 3-4) 

2. Hypoestespollenites Li & Huang 1989 (Acanthaceae) 

H. taiwanensis Li & Huang SEjg&TJSS;© (PL 14: 1-2) 

3. Tricolpopollenites Pflug & Thomson in Thomson & Pflug 1953 

(Aizoaceae) 

T. ellipticus Huang ffinHHitiU 
T. elongatus Huang 

4. Trachelospermumpollenites Huang & Huang $5#}® (Apocynaceae) 

T. taiwanensis Huang & Huang SfiSfil&Sf!} 

5. Ilexpollenites Thiergart 1937 ex Potonie 1960 if#}® (Aquifoliaceae) 

/. asprella Huang (PI. 14: 5-6) 

/. kusanoi Huang (PI. 14: 7-8) 

6. Impatiensidites Sah 1967 J9Will7£$J£S (Balsaminaceae) 

/. taiwanensis Li & Huang XlgflUlllTEti) (PL 14: 10-11) 

7. Alnusalispollenites Huang 1980 HJUHafcfcf&JB (Betulaceae) 

A. taiwanensis Huang 

8. Carpinipites Srivastava 1966 (Betulaceae) 

C. taiwanensis Huang 2Ej£{T-<k(lt© 

9. Myricaceoipollenites Potonie 1951 ex Potinie 1960 (Betulaceae) 

M. megagranifcr (Potonie) Potonie (PL 14: 17) 

10. Alnipollenites Potonie 1932 ex Potonie 1960 (Betulaceae) 

A. formosensis (Huang) Huang (PL 15: 1-5) 

11. Triporopollenites Pflug & Thomson in Thomson & Pflug 1953 HJLffrlS 

(Betulaceae) 

T. coryloides Pflug f®*© (PL 14: 14-16) 

T. coryloides var. abnormalis Huang © (PL 14: 12-13) 

12. Trivestibulopollenites Pflug in Thomson & Pflug 1953 HIE#)® (Betulaceae) 
T. taiwanensis Huang -IpfHJE© (PL 15: 6) 

13. Chenopodiopollis Krutzsch 1966 (Chenopodiaceae) 

C. taiwanensis Huang 2f.??)£?© (PL 15: 8-9) 

14. Artemisiaepollenites Nagy 1969 @5$33©I® (Compositae) 

A. annus Huang & Huang ®§jfcjfi© (PL 15: 10-11) 

15. Cichorieacidites Sah 1967 (Compositae) 

C. gracilis (Nagy) Zheng 73®^© (PL 15: 12-13) 
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16. Dichrocephalapollenites Huang 1980 (Compositae) 

D. taiwanensis Huang 

17. Evolvuluspollenites Li & Huang 1989 (Convolvulaceae) 

E. taiwanensis Li & Huang '3£j£t±TStfr (PI. 15: 14) 

18. Tricopopollenites Pflug & Thomson in Thomson & Pflug 1953 

(Crucifera) 

T. morrisonensis Huang & Huang 

19. Rousea Srivastava 1969 (Curcubitaceae) 

R. taiwaniana Li & Huang (PL 15: 16-17) 

20. Daphniphyllumpollenites Huang 1980 (Daphniphyllaceae) 

D. ignotus Huang g&i8/K© 

D. oldhamii Huang (PL 15: 15) 

21. Slowakipollis Krutzsch 1962a SASH 1 #)® (Elaeagnaceae) 

S. cechovini (Pad.) Krutzsch (PL 17: 10-11) 

S. taiwanensis Huang & Huang (PL 17: 12-14) 

22. Elaeocarpollenites Huang 1980 (Elaeocarpaceae) 

E. taiwanensis Huang (PL 16: 1) 

23. Euphorbiacidites (Zakl.) Li, Sung & Li 1978 (Euphorbiaceae) 

E. formosus Zheng (PL 16: 2-4) 

24. Tricolporopollenites Pflug & Thomson in Thomson & Pflug 1953 

M (Euphorbiaceae) 

T. rosaeformis Zheng (PL 16: 5-10) 

T. taiwanensis Huang (PL 16: 11) 

25. Wilsonipites Srivastava 1969 gf®t(Euphorbiaceae) 

W. communis Huang & Huang 

26. Tricolporopollenites Pflug & Thomson in Thomson & Pflug 1953 

(Fagaceae) 

T. amygdalifolius Huang IfctPS) (PL 16: 21-23) 

T. minus Huang (PL 16: 17-19) 

T. perprolatus Huang (PL 16: 20) 

T. scabratus Huang 

T. subprolatus Huang (PL 16: 13-16) 

T. uraiensis Huang (PL 16 : 24-26) 

27. Quercipollenites Wolff 1934 ftSSs#/® (Fagaceae) 

Q. glabratus Huang (PL 16: 27-28) 

28. Peripollenites Pflug & Thomson in Thosom & Pflug 1953 ft(Hama- 

melidaceae) 

P. formosensis Huang SiSfftMsiti) (PL 20: 2-4) 

P. minus Huang ©SSWUaJ© (PL 20: 1) 

29. Caryapollenites Raatz (1973) 1938 ex Potonie 1960 (Juglandaceae) 

C. taiwanensis Huang & Huang (PL 16: 30) 

30. Engelhardtioipollenites Potonie 1951 ex Potonie 1960 iKcfEt&ijj (Juglandaceae) 
E. taiwanensis Huang & Huang SEiSJ^cfEtfr (PL 16: 29) 

31. Juglanspollenites Raatz 1939 #]$ttft® (Juglandaceae) 

/. taiwanensis Huang (PL 16: 31-32) 

32. Polyatriopollenites Pflug 1953 (Juglandaceae) 

P. taiwanensis Huang (PL 15: 7) 

33. Paraphlomipollenites Huang & Huang 1984 (Labiatae) 

P. taiwanensis Huang & Huang (PL 17: 6-7) 
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34. Retihexacolpites Mathur 1966 (Labiatae) 

R. taiwanensis Huang & Huang 

35. Retitricolpites Van der Hammen ex Pierce 1961 

R. taiwanensis Li & Huang (PI. 17: 1-5) 

36. Assamialetes Huang & Huang 1984 (Loganiaceae) 

A. taiwanensis Huang & Huang ^MT} (PI. 17: 8-9) 

37. Magnolipollis Krutzsch 1970 (Magnoliaceae) 

M. longiformis Huang (PI. 18: 10) 

M. taiwanensis Huang (PL 18: 1-9) 

38. Malvacearumpollis Nagy 1962 £t5^$® (Malvaceae) 

M. majus Li & Huang (PL 19: 1) 

39. Pericampyluspollenites Huang 1980 (Menispermaceae) 

P. formosensis Huang 1980 

40. Triatriopollenites Pflug in Thomson & Pflug 1953 $S-jg|fr® (Myricaceae) 
T. taiwanensis Huang iaEjSItiflStfr (PL 18: 13-14) 

41. Myrtaceidites Cookson & Pike 1954 #l;^iig{/}® (Myrtaceae) 

M. taiwanensis Huang SEigM&ik®#} (PL 18: 15-16) 

42. Polygonacidites Sah & Dutta 1968 1^$)® (Polygonaceae) 

P. densoreticulatum Huang (PL 20: 5-8) 

P. vulgaris Huang 'a’JLlSMifr (PL 20: 9-10) 

43. Portulacapollenites Li & Huang 1989 MI&M&Ei (Portulacaceae) 

P. taiwanensis Li & Huang (PL 20: 12) 

44. Galiumpollenites Li & Huang 1989 JggI{)£*!tfr® (Rubiaceae) 

G. taiwanensis Li & Huang (PL 20: 11) 

45. Margoaperturates Huang 1984 /?n££{fr® (Rubiaceae) 

M. taiwanensis Huang & Huang (PL 21: 1-2) 

46. Rutaceoipollenites Sun 1978 SHF#)® (Rutaceae) 

R. taiwanensis Huang & Huang (PL 20: 13-16) 

47. Tricolporopollenites Pflug & Thomson in Thomson & Pflug 1953 ELffillW 

® (Saxifragaceae) 

T. asper Huang & Huang SPJctfr (PL 18: 11-12) 

48. Symplocacites Mtchedlishvili in SamoIIovich & Mtchedlishvili 1961 

® (Symplocaceae) 

S. caudata Huang (PL 21: 3-4) 

S. modesta Huang 

49. Tiliaepollenites Potonie 1931 (Tiliaceae) 

T. taiwanensis Huang (PL 21: 5-7) 

50. Zelkovaepollenites Nagy 1969 (Ulmaceae) 

Z. taiwanensis Huang IS i it] IS 

51. Tricolporopollenites Pflug & Thomson in Thomson & Pflug 1953 

® (Vitaceae) 

T. repens Huang (PL 16: 12) 

52. Graminidites Cookson 1974 ex Potonie 1960 5fc3£g)® (Gramineae) 

G. glabratus Huang (PI. 21: 12-14) 

G. media Cookson ex Potonie (PL 21: 11) 

53. Arecipites Wodehouse 1933 (Jj^ifr® (Palmaceae) 

A. taiwanensis Huang (PL 21: 8) 

54. Couperipollis Venkatachala & Kar 1969 jflJgtS® (Palmaceae) 

C. taiwanensis Huang & Huang 
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55. Monosulcites Cookson ex Couper 1953 (Palmaceae) 

M taiwanensis Huang SEJOTT#) (PI. 21: 9) 

56. Eucomidites Erdtman 1948 ex Potonie 1958 

E. taiwanensis Huang (PI. 21: 10) 

57. Neotriangulipollis Goczan, Groot & Krutzsch in Goczan, Groot, Krutzsch 

& Pacltova 1967 
N. taiwanensis Huang & Huang 

58. Riestediipollis Krutzsch 1969 
R. polycolpites Krutzsch 

CONCLUSION 

The Tricolporopollenites pollen, having affinity with the living Fagaceae, are 
dominated in angiosperms pollen, occuping about 35 per cent of the total palyno- 
morphs and 53 per cent of the the angiosperms pollen. The Pityosporites pollen, 
having affinity with the living Pinus species, are domiated in gymnosperms pollen, 
occuping about 9.5 per cent of the total palynomorphs and 55 per cent of the 
gymnosperms pollen. 
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Plate 1. All figures, xlOOO. 

1-2. Corrusporis taiwanensis Huang & Huang (2-2L, 64-R); 3. Anthocerisporis 
taiwanensis Huang & Huang (6-3L); 4. Gcmmamonoletes formosensis Huang (2-5L); 
5. G. oblongo-lunatus Huang (53-2R); 6. Gemmatosporis lato-apertus Huang (6-2R); 
7. G. taiwanensis Huang (16-2R); 8-9. Laevigatosporites gracilis Wilson & Webster 
(53-2R, 69-2R); 10. L. reniformis Huang (16-1R). 



Plate 2. All figures, xlOOO. 

1. Monogemmites taiwanensis Huang & Huang (57-2L); 2. Perinomonoletes lato - 
reticulums Huang (2-5R); 3. Verrucatosporites lunatus Huang (16-1L); 4. Triplano- 
sporites minor Shaw & Huang (26-1R); 5. T. medius Shaw & Huang (6-6R); 6. T. 
magnus Shaw & Huang (6-4R); 7. Crassoretitriletes vanraadshooveni G. H. M. (6-2R). 
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Plate 3. All figures, x 1000. 

1. Foveotriletes serratus Huang (57-2L); 2-4. Leiotriletes wolffi Kr. (16-2R, MR, 
2-2L); 5. L. obovatus Huang (6-2R); 6. L. sphaerotriangulus (L.) Potonie & Kremp 
(6-5R); 7. Magnastriatites howardii G.H.M. (53-5R); 8-9. Microreticulatisporites 
taiwanensis Huang & Huang (6-2R, 64-7R). 
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Plate 4. All figures, x 1000. 

1. Polypodiaceoisporiles baculatus Huang & Huang (6-3R); 2-3. P. emarginalus Huang 
(6-6R); 4-6. P. intrabaticus Huang (6-3R, 91-3R, 6-6R); 7. P. wallichianus Huang 
(64-3R); 8-9. P. venus/us Huang (6-6R, 6-3R); 10-11. Plerisporis concavus Huang 
(6-5R, 2-1R); 12. P. taiwanensis Huang (16-7R). 
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Plate 5. All figures, x 1000. 

1. Semt/tnsporis taiwanensis Huang & Huang (6-5R); 2. Toricingulatisporites taiwanensis 
Huang (6-5); 3-4. Toroisporis taiwanensis Huang (6-5R, 2-1R); 5-6. Cycadopites 
ellipticus Huang (16-5L); 7-8. C. gracilis Krutzsch (16-5L); 9-11. Classopollis 
taiwanensis Huang (6-2R, 6-6R, 6-2R); 12-13. Ephedripites ellipticus Huang (2-2L); 
14. E. taiwanensis Huang (21-2L); 15-16. £. tertiarius Krtz. (16-10R, 21-5L). 
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Plate 6. All figures, x 1000. 

1-3. Daerydiumites taiwanensis Huang (16-2R, 2-2R, 6-5); 4-5. D. magnus Huang & Huang 
(6-3R); 6-7. Podocarpidites beugii Huang (16-L, 6-5R); 8-9. P. taiwanensis Huang (6-5R). 
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Plate 7. All figures, x 1000. 

1. Longicorpuspollenites taiwanensis Huang (6-2R); 2. Psophosphaera chuhuangkeniana 
Chaw & Huang (66-7L); 3-4. Taxodiaceae-Cupressaceae-Taxaceae (106-7R, 16-8L); 
5. Abiespollenites oblongus Huang (90-6L). 
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Plate 8. All figures, xlOOO. 

1. Abiespollenites oblongus Huang (16-7R); 2. A. formosensis Huang (90-3R). 
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Plate 9. All figures, xlOOO. 

1-2. Keteleeriaepollenites taiwanensis Huang (90-8R, 26-3R). 
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Plate 10. All figures, x 1000. 

1-2. Piceapollis acutosaccatus Huang (90-7R, 90-6R). 
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Plate 11. All figures, x 1000. 

1-2. Pityosporites acutus Huang (2-1R, 6-5R); 3-4. P. massoniana Huang (16-7R); 
5-6. P. morrisonicola Huang (6-5R); 7-8. P. oblongus Huang (6-4R, 53-6R). 
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Plate 12. All figures, x 1000. 

1-2. Pityosporites scabratus Huang (6-5R, 6-6R); 3-4. P. triangulatus Huang (16-2L, 
6-4R). 
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Plate 13. All figures, x 1000. 

1. Schizosporis taiwanensis Huang (64-1R); 2. Zonalapollenites chinensis Huang (6-5R); 
3. Z. taiwanensis Huang (21-1R). 
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Plate 14. All figures, X1000. 

1-2. Hypoestespollenites taiwanensis Li & Huang (S26-4R); 3-4. Aceripollis taiwanensis 
Huang (2-4L); 5-6. Ilexpollenites asprella Huang (6-5R, 6-2R); 7-8. /. kusanoi Huang 
(2-2L, 2-2L); 9. Tricolpopollenites ellipticus Huang (21-5R); 10-11. Impatiensidites 
taiwanensis Li & Huang (2-2R, 6-3R); 12-13. Triporopollenites coryloides Pfl. var. 
abnormalis Huang (17-1R, 6-5R); 14-16. T. coryloides Pfl. (64-4L, 6-5R, 6-5R); 17. 
Myricaceoipollenites megagranifer (Pot.) Potoni6 (16-1R). 
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Plate 15. All figures, x 1000. 

1-5. Alnipollenites formosensis Huang (106-1R, 6-5R, 1-1R, 6-3R); 6. Trivestibulo- 
pollenites taiwanensis Huang (6-6R); 7. Polyatriopollenites taiwanensis Huang (64-4L); 
8-9. Che nopodi opol l is taiwanensis Huang (4-1L, 64-6L); 10-11. Artemisiaepollenites 
annus Huang & Huang (2-2L); 12-13. Cichorieacidites gracilis (Nagy) Zheng (86-1R, 
87-2R); 14. Evolvuluspollenites taiwanensis Li & Huang (21-3R); 15. Daphniphyllum - 
pollenites oldhamii Huang (6-2L); 16-17. Rousea taiwaniana Li & Huang (39-2L 
6-3R). 
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Plate 16. All figures, x 1000. 

1. Elaeocarpollenites taiwanensis Huang (6-2R); 2-4. Euphorbiacidites formosus Zheng 
(2-2R); 5-10. Tricolporopollenites rosaeformis Zheng (2-1R, 21-5R, 2-4R, 64-4L, 
26-1R); 11. T. taiwanensis Huang (2-4R); 12. T. repens Huang (2-5L); 13-16. T. 
subprolatus Huang (6-2R, 16-2R, 6-2R, 2-5R); 17-19. T. minus Huang (6-5R, 6-2R); 
20. T. perprolatus Huang (6-2R); 21-23. T. amygdalifolius Huang (6-5R, 6-3R); 
24-26. T. uraiensis Huang (21-2R, 64-1R, 6-3R); 27-28. Quercipollenites glabratus 
Huang (6-2R, 6-4R); 29. Engelhardtioipollenites taiwanensis Huang & Huang (6-3R); 
30. Caryapollenites taiwanensis Huang & Huang (2-1R); 31-32. Juglanspollenites 
taiwanensis Huang (16-2L, 86-2L, 26-2R). 
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Plate 17. All figures, x 1000. 


1-5. Retitricolpites taiwanensis Li & Huang (6-5R, 17-2L, D54-1R, 6-5R); 6-7. Para - 
phlomipollenites taiwanensis Huang & Huang (6-2R); 8-9. Assamialetes taiwanensis 
Huang & Huang (102-1R); 10-11. Slowakipollis cechovici (Pad.) Krtz. (26-1R); 
12-14. 5. taiwanensis Huang & Huang (106-1R, 80-9L). 
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Plate 18. All figures, xlOOO. 

1-9. Magnolipollis taiwanensis Huang (2-2L, 53-1R, 26-1R, 6-2R, 6-6R, 16-2R); 10. 
M. longiformis Huang (16-2L); 11-12. Tricolporopollenites asper Huang & Huang 
(6-5R); 13-14. Triatriopollenites taiwanensis Huang (2-5R, 6-3R); 15-16. Myrtaceidites 
taiwanensis Huang & Huang (6-2R, 106- 1R). 
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Plate 19. All figures, xlOOO. 

1. Malvacerumpollis majus Li & Huang (43-1R). 
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Plate 20. All figures, xlOOO. 

1. Peripollenites minus Huang (16-2R); 2-4. P. formosensis Huang (24-1R, 91-3R, 
53-3R); 5-8. Polygonacidites densoreticulatus Huang (2-2R, 6-5R, 64- 1L, 64-7); 9-10. 
P. vulgaris Huang (6-3R, 2-2L); 11. Galiumpollenites taiwanensis Li & Huang (57- 
1R); 12. Portulacapollenites taiwanensis Li & Huang (57-2R); 13-16. Rutaceoipollenites 
taiwanensis Huang Sc Huang (43-1R, 21-2R). 
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Plate 21. All figures, xlOOO. 

1-2. Margoaperturates taiwanensis Huang & Huang (69-1L); 3-4. Symploeaccites 
caudata Huang (69-1L, S30-6R); 5-7. Tiliaepollenites taiwanensis Huang (2-5R, 6-4R, 
21-1R); 8. Arecipites taiwanensis Huang (2-4R); 9. Monosuleites taiwanensis Huang 
(6-6R); 10. Eucomidites taiwanensis Huang (6-2R); 11. Graminidites media Cooks. 

ex Potonie (2-4L); 12-14. G. glabratus Huang (2-5R, 2-2L); 15-19. Dinoflagcllates 
and algae (6-2R, 1-1R, 6-5R, 6-4R). 


